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DESCRIPTION 

^Wl nd Power Gene rator^ 

5 Technical Field 

The present invention relates to a wind power 
generating device. 

Background Art 

10 Conventionally, there are a variety of types of 

wind power generators , and each type of wind power 
generator has different characteristics. For example, 
when classifying wind power generators by the direction 
of attachment of a shaft for supporting a windmill, they 

15 are divided into a vertical shaft type the direction 
of attachment of the shaft of which is vertical and a 
horizontal shaft type the direction of attachment of 
the shaft of which is horizontal. The vertical type 
includes the Savonius windmill, the Darius windmill and 

20 the like, and the horizontal type includes the propeller 
type and the like. 

When classifying them with regard to whether they 
function predominantly based on a torque for rotating 
a windmill, generated by drag or lift, they are divided 

2 5 into a drag type in which drag mainly functions, a lift 
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type In which lift mainly functions and a drag/lift type 
in which each of drag and lift functions to a similar 
degree. For example, the Savonius windmill is of the 
drag type, and the Darius windmill and the propeller 
5 type are of the lift type. 

Since for example, a drag type windmill is rotated 
well by weak winds or so-called breezes , it can generate 
power from weak winds. However, when generating large 
amounts of power, equipment becomes structurally large 

10 and accordingly uneconomical. 

If the blade area of a drag type windmill is made 
large in order that it might be rotated even by a weak 
wind, at the time of strong winds, wind force from the 
rotating direction works against the rotation and the 

15 resistance becomes large proportional to the size of 
blades. Accordingly, the power generating efficiency 
degrades, which is a problem. However, a lift type 
windmill can be used not only for low power generation 
but also can easily be used for high power generation. 

20 Simultaneously, for example, some small lift type 
windmills can generate power of 400W from winds of a 
velocity of 12 . 5m/second. 

However, a lift type windmill requires wind of a 
high velocity as a rotation starting velocity which is 

25 the wind velocity needed to rotate a windmill to generate 



power. Therefore, it cannot be rotated by weak winds 
and sufficient power generating efficiency cannot be 
obtained, which is a problem. 

If the blade elevation against a wind direction 
5 of a lift type windmill is increased in order for the 
windmill to be rotated even at the time of strong winds, 
drag increases and becomes a resistant force against 
the rotation of the windmill. Accordingly, the rotation 
efficiency of the windmill degrades. 

10 However, as a method for solving this problem of 

a lift type windmill, a method for providing a windmill 
with a wing angle adjustment function and rotating the 
windmill even at the time of weak winds by this 
adjustment function unlike a conventional fixed wing 

15 angle type windmill is proposed (for example, see Patent 
reference 1 ) . 

Patent reference 1 : 

Japanese Patent Application Publication No. 
H8-322297 "Wind Power Generator" (Abstract, 

20 representative drawings) 

Recently, demand for a small- sized wind power 
generator has been high demand and arises from the 
viewpoint of earth environment preservation. However, 
providing such a small- sized wind power generator with 

25 the above-mentioned wing-angle adjustment function 
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leads to high cost of the device, which is not preferable 
since it goes against the trend of a low cost underlying 
the essential desire for a small size, 

5 Disclosure of Invention 

The first object of the present invention is to 
provide a wind power generating device capable of 
suppressing noise and vibration at the time of strong 
wind. 

10 The second object of the present invention is to 

provide a wind power generating device capable of 
maintained power generation while reducing the number 
of rotations even at the time of strong wind. 

The third object of the present invention is to 

15 provide a wind power generating device capable of 
maintained power generation while reducing the number 
of rotations even at the time of strong wind and also 
capable of suppressing the change in discharge/charge 
current of a storage battery to a minimum level. 

20 The fourth object of the present invention is 

provide a wind power generating device with a start 
-assisting function capable of rotating even at the time 
of weak wind and also capable of saving power consumption 
as much as possible at the time of rotation 

25 start-assisting with the start-assisting function 



corresponding to a small sized wind power generating 
device [adgll . 

The wind power generating device of the present 
invention comprises a permanent magnet type generator 
5 for generating in connection with the rotation shaft 
of a rotation wing which is rotated in the forward 
direction by wind, a start assistance means for 
switching the generator to an electric motor and 
performing a start assisting rotation which rotates the 

10 rotation shaft in the forward direction, and a generator 
restoration means for restoring the motor to the 
generator when the start assisting rotation of the start 
assistance means is suspended. 

Another wind power generating device of the 

15 present invention comprises a rectification circuit 
connected to a wind power generator for generating AC 
voltage, a DC/DC conversion circuit including at least 
one switching device, connected to the rectification 
circuit, for converting the level of the DC output 

20 voltage of the rectification circuit by the on/off 
control of the switching device, a rotation speed 
detection means for detecting the rotation speed of the 
wind power generator, a limited rotation speed signal 
generating means for generating a signal indicating the 

2 5 limited rotation speed of the wind power generator, a 
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comparison means for comparing a signal for indicating 
the detected speed obtained from the rotation speed 
detection means with the limited rotation speed obtained 
from the limited rotation speed signal generating means , 
5 a switch control circuit for controlling the switching 
device in such a way that the output voltage of the DC /DC 
conversion circuit may become a predetermined value and 
also controlling the switching device in such a way as 
to increase the output voltage of the DC/DC conversion 

10 circuit in response to the output of the comparison means , 
indicating that the detected speed exceeds the limited 
rotation speed, a start assistance means for switching 
the generator to a motor and performing a start assisting 
rotation which rotates the rotation shaft in the forward 

15 direction, and a generator restoration means for 
restoring the motor to the generator when the start 
assisting rotation by the start assistance means is 
suspended. 

Another wind power generating device of the 
20 present invention comprises a rectification circuit 
connected to a wind power generator for generating AC 
[ adg2] voltage , a DC/DC conversion circuit including at 
least one switching device, connected to the 
rectification circuit, for converting the level of the 
25 DC output voltage of the rectification circuit by the 



on/off control of the switching device, a DC/AC 
conversion circuit connected to the DC/DC conversion 
circuit, a rotation speed detection means for detecting 
the rotation speed of the wind power generator, a limited 
5 rotation speed signal generating means for generating 
a signal indicating the limited rotation speed of the 
wind power generator, a comparison means for comparing 
a signal for indicating the detected speed obtained from 
the rotation speed detection means with the limited 

10 rotation speed obtained from the limited rotation speed 
signal generating means, a control circuit for 
controlling the DC/AC conversion circuit so as to 
increase output voltage of the DC/AC conversion circuit 
in response to the output of the comparison means which 

15 indicates the detected speed is higher than the limited 
rotation speed, , a start assistance means for switching 
the generator to an electric motor and performing a start 
assisting rotation which rotates the rotation shaft in 
the forward direction, and a generator restoration means 

20 for restoring the motor to the generator when the start 
assisting rotation by the start assistance means is 
suspended. 

Another wind power generating device of the 
present invention comprises a windmill, an AC generator 
25 provided with a rotor rotated by the windmill, a 
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rectification circuit connected to the AC generator, 
a power conversion circuit connected to the 
rectification circuit, a storage battery or capacitor 
connected to the power conversion circuit, a rotation 
5 detector for detecting the number of rotations of the 
windmill, a reference rotation number setterfor setting 
the number of rotations of the windmill, a control 
circuit connected to the rotation detector, reference 
rotation number setter and power conversion circuit, 

10 for controlling the power conversion circuit in such 
a way as to increase the ratio between the input voltage 
and output voltage of the power conversion circuit when 
the detected number of rotations obtained from the 
rotation detector exceeds the reference number of 

15 rotations, a start assistance means for switching the 
DC generator to an electric motor and performing a start 
assisting rotation which rotates the rotation shaft in 
the forward direction , and a generator restoration means 
for restoring the motor to the AC generator when the 

20 start assisting rotation by the start assistance means 
is suspended. 

Brief Description of Drawings 

Fig. 1 shows the configuration of the wind power 
25 generating device in the first preferred embodiment of 



the present invention. 

Fig. 2 shows the configuration of the wind power 
generating device in the second preferred embodiment 
of the present invention. 
5 Figs. 3-6 explain the rotation number detection 

circuit in the first or second preferred embodiment of 
the present invention. 

Fig. 7 is the circuit block diagram of the wind 
power generating device provided with a start -assisting 
10 function in the third preferred embodiment of the 
present invention . 

Fig. 8 is a flowchart showing the operation of the 
start assisting function in the wind power generating 
device . 

15 Fig. 9 is the circuit block diagram of the wind 

power generating device capable of saving its self 
consumption power by making a timer device independent 
of it in the fourth preferred embodiment . 

Fig. 10 is the circuit block diagram of the wind 

20 power generating device for monitoring the starting 
timing of the start assisting function by a wind velocity 
sensor. 

Figs. 11-13 explain wind velocity measurement by 
short-circuit current at the time of suspension. 
25 Fig. 14 explains the assistance suspension 
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circuit for no power supply and a release failure. 
Fig. 15 explains rated power control. 

Best Mode for Carrying Out the Invention 

5 The preferred embodiments of the present 

invention are described below with reference to the 
drawings . 

Fig. 1 shows the configuration of a wind power 
generator power control device in the first preferred 

10 embodiment of the present invention. 

The wind power generator power control device 
comprises a wind power generator 1, a rectification 
circuit 2, a DC/DC converter 3 as an output current 
control means and a DC/DC conversion means, an inverter 

15 4, a load 5, a connection protecting device 6, AC mains 
connecting terminal 7, a charging circuit 8, a storage 
battery 9, a rotation control circuit 10, an upper 
limited rotation speed setting fixed load 11 and a switch 
12. 

20 The wind power generator 1 is a publicly known AC 

generator comprising a rotor 13 constructed from a 
permanent magnet connected to a windmill 13 and a stator 
with a three-phase armature coil 15. This AC generator 
can be an external magnet type or a built-in magnet type. 

25 The rectification circuit 2 as an AC/DC conversion 
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means, connected to the armature coil 15 of the wind 
power generator 1 is a publicly known three-phase bridge 
type rectification circuit. The rectification circuit 

2 converts three-phase AC voltage generated in the 
5 armature coil 15 by the rotation of the windmill 13 and 

rotor 14, into DC voltage. The output voltage of the 
rectification circuit 2 is, for example, a fairly low 
voltage of 50V or less. 

The DC/DC converter 3 connected to the 

10 rectification circuit 2 converts the output voltage of 
the rectification circuit 2 into a higher voltage (for 
example, 350V) and maintains a constant output voltage 
of the DC/DC converter 3. Simultaneously, the DC/DC 
converter 3 adjusts the output voltage to control output 

15 current according to the present invention. Therefore, 
the DC/DC converter 3 also has the function of a current 
control means for rotation speed restriction of the 
present invention in addition to DC conversion function. 

The inverter 4 connected to the converter 3 

20 converts the DC voltage outputted from the converter 

3 into the sine wave AC voltage of a commercial frequency 
(for example, 50Hz). The inverter 4 can be of, for 
example, a publicly known bridge type inverter, a 
half -bridge type inverter or the like. 

25 The load 5 connected to the inverter 4 is an AC 



load in a wind power generating system. The connection 
protecting device 6 inserted and connected between the 
inverter 4 and the commercial connecting terminal 7 
includes a switch needed to separate the wind power 
5 generating system from the AC mains when the AC mains 
fails and a variety of publicly known means necessary 
for connection. 

The charging circuit 8 connected to the inverter 
4 rectifies the output voltage of the inverter 4 or 

10 voltage supplied from the commercial connecting 
terminal 7 and charges the storage battery 9 . As shown 
by broken lines, the charging circuit 8 can also be 
connected to the converter 3 and the storage battery 
9 can also be charged by the DC output voltage of the 

15 DC/DC converter 3. When not fully charged, the storage 

battery 9 functions as a load in the wind power » 
generating system. In order to supply the load 5 with 
the power of the storage battery 9, the storage battery 
9 is connected to the input terminal of the inverter 

20 4 via a diode 16 as a discharging means. An inverter 
exclusively for the storage battery output can also be 
inserted and connected between the storage battery 9 
and load 5 . 

The rotation speed restriction load 11 for 
25 suppressing the rotation speed of the wind power 
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generator 1 to an upper limit level is connected to the 
rectification circuit 2 via the switch 12. This load 
11 can also be connected to the output terminal of the 
converter 3 , the output terminal of the inverter 4 or 
5 the output terminal of the armature coil 15. 

The rotation control circuit 10 comprises a 
rotation speed detector 17, a reference mode signal 
generator 18, a daytime/night switching mode signal 
generator 19, a limited rotation speed signal generator 

10 20, an rotation speed upper limit signal generator 21, 
first and second comparators 22 and 23, and mode 
selection switches SI and S2 . 

The rotation speed detector 17 is connected to the 
output line 15a of the armature coil 15. The rotation 

15 speed detector 17 detects the frequency of the AC output 
voltage of the wind power generator 1 and outputs a speed 
detection signal Vs with a voltage value corresponding 
to this frequency. 

The reference mode signal generator 18 generates 

20 a reference signal Ml indicating that the rotation speed 
restriction of the wind power generator 1 is performed 
in a reference mode. In this case, a reference mode means 
restricting the rotation speed on the same condition 
all day, that is, during 24 hours. 

25 The daytime /night switching mode signal generator 



19 has the timer 19a built-in, and generates a 
daytime /night switching mode signal M2 , including a high 
level signal indicating a first time zone of, for example, 
8-20 o'clock in the daytime and a low level signal 

5 indicating a second time zone of, for example, 20-8 
o'clock at night. Instead of separating the first time 
zone from the second time zone by the timer 19a, 
daytime/night can also be automatically determined by 
an optical sensor, photovoltaic power generation or the 
10 like to generate a daytime/night switching mode signal. 

The reference mode signal generator 18 and the 
daytime/night switching mode signal generator 19 are 
connected to the limited rotation speed signal generator 

20 via the reference mode selection switch SI and the 
15 daytime/night switching mode selection switch S2 , 

respectively. Either of the switches SI and S2 can be 
selectively turned on . Instead of providing the switches 
SI and S2 , either of the reference mode signal generator 
18 and daytime/night switching mode signal generator 

20 19 can also be selectively operated to selectively 
transmit either of the signals Ml and M2 . 

The limited rotation speed signal generator 20 
generates a limited rotation speed signal Vrl or Vr2 
consisting of a voltage proportional to a limited 

25 rotation speed according to a designated mode. 
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One of the input terminals of the first comparator 

22 is connected to the speed detector 17 and the other 
is connected to the output line 29 of the limited 
rotation speed signal generator 20. Since the line 29 

5 becomes the first reference voltage Vrl or second 
reference voltage Vr2 , a high level comparison output 
can be obtained in the output line 32 while the rotation 
speed detection signal Vs obtained from the speed 
detector 17 exceeds the first or second reference 

10 voltage Vrl or Vr2, and is transmitted to the converter 
3. Thus, the output is used to suppress the rotation 
speed of the wind power generator 1 from increasing. 

One of the input terminals of the second 
comparator 23 is connected to the speed detector 17 and 

15 the other is connected to the rotation speed upper limit 
signal generator 21. The rotation speed upper limit 
signal generator 21 generates an upper limited rotation 
speed signal consisting of a third reference voltage 
Vr3 higher than the first reference voltage Vrl. 

20 Therefore, when the rotation speed detection signal Vs 
exceeds the third reference voltage Vr3 , the comparator 

23 transmits a high level output to the line 33 to turn 
the switch 12 on. When the switch 12 is turned on, a 
load of fairly small resistance value is connected to 

25 the rectification circuit 2. Then, the output current. 



16 



that is, armature current of the wind power generator 
1 increases to suppress the increase of the rotation 
speed of the wind power generator 1 by the 
electro -magnetic brake action due to its armature 
5 reaction. This control by the second comparator 23 is 
exercised when the control of the converter 3 by the 
output of the first comparator 22 cannot suppress the 
rotation speed of the wind power generator 1 to a desired 
level . 

10 When a rotation speed suppressing operation by the 

output of the first comparator 22 alone cannot suppress 
the rotation speed to a desired level and the detected 
rotation speed Vs exceeds the third reference voltage 
Vr3, the output of the second comparator 23 turns the 

15 switch 12 on. Then, the output current of the wind power 
generator 1 increases to suppress the increase of the 
rotation speed. Therefore, in this preferred embodiment, 
both the converter 3 and auxiliary load 11 can suppress 
the increase of rotation speed smoothly and gradually. 

20 The first preferred embodiment can achieve the 

first object. 

Fig. 2 shows the block diagram of the 
configuration of the wind power generator of the second 
preferred embodiment of the present invention. 

25 The wind power generating device in the preferred 
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embodiment shown in Fig. 2 comprises a windmill 41, an 
AC generator 42 provided with a rotor rotated by this 
windmill 41, a rectification circuit connected to this 
AC generator 42, a smoothing capacitor 44, a power 
5 conversion circuit 45 connected to this smoothing 
capacitor 44, a storage battery 46 connected to this 
power conversion circuit 45, a load 47 connected to this 
storage battery 46, a rotation number detector, that 
is, speed detector 48 detecting the number of rotations 

10 of the windmill 41, an input voltage detection circuit 
49 for detecting the input voltage of the power 
conversion circuit 45, that is, the voltage of the 
smoothing capacitor 44 and a control circuit 50. 

The power conversion circuit 45 is connected to 

15 first and second DC power supply lines 51 and 52 
connected to the smoothing capacitor 44, and can change 
a ratio V 0 ut/V in of an input voltage V in and an output 
voltage V out . In this preferred embodiment, although the 
storage battery 46 also functions as a smoothing 

20 capacitor, a smoothing capacitor can also be connected 
to the storage battery 46. 

The rotation number detector 48 detects the number 
of rotations , that is , the rotation speed of the windmill , 
that is, the rotor of the generator 42 by a publicly 

25 known method and outputs a rotation number detection 



signal F d . 

The input voltage detection circuit 49 detects the 
input voltage V in of the power conversion circuit 45 and 
outputs a voltage detection signal V in . Here, for the 
5 sake of convenience, both the input voltage and output 
voltage of the input voltage detection circuit 49 are 
represented by V in - This input voltage V in corresponds 
to the output voltage of the generator 42. 

The control circuit 50 is connected to the 

10 rotation number detector 48, voltage detection circuit 
49 and power conversion circuit 45. When the detected 
number of rotations F d obtained from the rotation number 
detector 48 exceeds the reference number of rotations 
F r , the control circuit 50 controls the power conversion 

15 circuit 45 in such a way as to increase the ratio V 0 ut/V in 
of the input voltage V in and output voltage V ou t of the 
power conversion circuit 45. 

More specifically, the control circuit 50 
comprises a reference rotation number setter 53 for 

20 setting the reference number of rotations F r 
corresponding to the limit number of rotations of the 
windmill 41, a voltage determination table 54 as a 
generator output voltage determining means for 
determining the output voltage of an generator 42 , at 

25 which the maximum power of the generator 42 can be 
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obtained for the number of rotations F d detected by the 
rotation number detector 48, a subtracter 55 as a first 
subtraction means for calculating a difference AF 
between the detected number of rotations F d and the 
5 reference number of rotations F r , a coefficient table 
56 as a coefficient generating means for transmitting 
1 as a coefficient value when the rotation number 
difference AF is zero or less and transmitting a value 
less than 1 as a coefficient when the rotation number 

10 difference AF is larger than zero, a multiplier 57 as 
a multiplication means for generating a correction 
voltage specifying signal V2 by multiplying the 
determined output voltage VI obtained from the generator 
output voltage determination table 54 by the 

15 co-efficient K obtained from the co-efficient table 56, 
a subtracter 58 as a second subtraction means for 
calculating a difference AV in between the input voltage 
specifying signal V2 obtained from the multiplier 57 
and the detected voltage V ±n obtained from the input 

20 voltage detection circuit 49, the second subtracter 58 
and an arithmetic control circuit 59 and a pulse 
generator 60, as a control signal generating circuit 
for generating a signal for controlling the power 
conversion circuit 4 5 in such a way as to bringthe output 

25 V ln of the output circuit 49 of the input voltage 



20 



detection circuit 49 close to the correction voltage 
specifying signal V2, based on the voltage difference 
AV± n obtained from the second subtracter 58. The 
reference rotation number setter 53 can also be provided 
5 outside the control circuit 50. 

The voltage determination table 54 is comprised 
in memory, and stores a relationship between the number 
of rotations F d and the generator output voltage VI at 
which the maximum power can be obtained. The table 54 

10 can store the voltages VI of all the rotation values 
F d or store selected steps of rotation values F d and 
voltages VI corresponding to them. If there is no data 
corresponding to the detected number of rotations F d , 
data corresponding to the number of rotations close to 

15 the detected number of rotations is used. Instead of 
the voltage determination table 54 # an arithmetic 
expression can also be stored in the memory and voltage 
VI can also be calculated by substituting the detected 
number of rotations F d to the arithmetic expression. 

20 The voltage VI indicates both the output voltage 

of the generator 42, at which the maximum power can be 
obtained from the generator 42 and the input voltage 
of the power conversion circuit 45. 

The voltage determination table 54 uses the 

25 detected number of rotations F d obtained from the 
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rotation number detector 48 as an address signal and 
outputs a signal indicating a target voltage VI 
corresponding to it. When the wind is not strong, voltage 
VI output by the voltage determination table 54 is the 
5 target output voltage of the generator 42. 

The first subtracter 55 calculates F d -F r =AF by 
subtracting the reference number of rotations F r from 
the detected number of rotations F d obtained from the 
rotation number detector 48. The first subtracter 55 
10 stores a coefficient K=l when AF ss 0, and stores a 
coefficient less than 1 when AF > 0 . When the output 
of the first subtracter 55, AF > 0, a coefficient 
satisfying 0<K<1 is selected. Value K in this case can 

be made 1/AF. Thus, when AF > 0, the first subtracter 
15 55 outputs a co-efficient K corresponding to the value 
AF, using it as an address. Instead of storing a 
plurality of pieces of data indicating a plurality of 
coefficients K and a plurality of values AF, an 
arithmetic expression indicating a relationship 
20 between AF and K can also be stored, and a co-efficient 
K can also be calculated by substituting the value AF 
to this arithmetic expression. 

The multiplier 17 calculates KV1=V2 by 
multiplying the voltage VI output by the voltage 
25 determination table 54 by the coefficient output by the 
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coefficient table 56 and outputs it. V2 is a voltage 
specifying signal corrected for the time of strong 
winds . 

The second subtracter 58 calculates Vi n -V2=AV in 
5 and outputs a signal indicating a difference between 
the input voltage detection signal V in and the voltage 
specifying signal V2 . 

The control arithmetic circuit 59 using AV in as 
input is , for example, comprised of a publicly known 
10 proportional integration (PI) circuit, and generates 
a duty factor signal D on corresponding to AV ±n . Namely, 
a duty factor signal D on , equivalent to a signal obtained 
by smoothing AV in , that is, a duty specifying signal is 
obtained. 

15 The pulse generator 60 as a switch control signal 

generating means generates a control signal V g with a 
pulse of a width specified by the duty factor signal 
D on and transmits it to the gate of the switch Ql of the 
power conversion circuit 45. 

20 The second preferred embodiment can achieve the 

second and third objects. 

Conventionally, a method for detecting a rotation 
signal by installing a rotation number sensor or the 
like on the rotation shaft of a generator is often used. 

25 This preferred embodiment of the present invention is 
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a circuit for measuring the number of rotations, using 
a pulsed signal contained in the output of a generator 
without using a rotation sensor. Thus, an exact number 
of rotations can be measured on the controller side using 
5 only a two-wire power wire. 

In a permanent magnet generator rotating N times 
per minute (see Fig. 3), the relationship between the 
number of poles of a magnet and an AC output frequency 
F is as follows. 
10 F = N/60 x P(Hz) 

Fig. 4 shows an output signal, which are 
full-wave-rectified in a generator with a three-phase 
coil. 

For example, if a wind power generator is directly 
15 connected to a storage battery, it is difficult to detect 
voltage pulsation since the rectified output of the 
generator is fixed to the voltage of the battery. 
Therefore, if the wind is weak and the number of 
rotations of the generator is small , in other words , 
20 if the peak output value of the generator does not reach 
the voltage of the battery, the number of rotations can 
be measured based on the pulsation of the output voltage 
VI of the generator by inserting a diode between the 
plus terminal of the power wire and the plus terminal 
25 of the battery in the forward direction as shown in Fig. 
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5. 

When wind becomes strong, the output voltage of 
the generator exceeds the voltage of the battery and 
the battery is charged, the output voltage VI becomes 
5 flat[adg3] and it is difficult to measure the number of 
rotations. Therefore, a micro-resistor R is inserted 
for current measurement as shown in Fig. 5, and the 
number of rotations is measured based on the pulsation 
of the charging current . 

10 Fig. 6 shows a compound circuit for enabling the 

stable measurement of the number of rotations across 
the entire wind velocity range by combining respective 
signals output from a voltage waveform amplifier at the 
time of a breeze and from a current waveform amplifier 

15 at the time of wind other than a breeze. Specifically, 
the number of rotations can be measured based on either 
a current waveform or a voltage waveform VI from the 
resistor R, by inputting OR of the current waveform and 
voltage waveform VI to an OP amplifier 100. 

20 Fig. 7 is the circuit block diagram of the wind 

power generating device with a start-assisting function 
in the third preferred embodiment. 

In Fig. 7, a wind power generating device 90 
comprises a three-phase AC generator 61, a three-phase 

25 full-wave rectification circuit 62, a switching relay 



63 , a driving circuit 64 , a timer device 65 and a rotation 
number measuring device 66. 

A load circuit 70 charged by this wind power 
generating device 90 comprises a battery charging 
5 controller 71, a battery 72 and a DC/DC converter 73. 

The three-phase AC generator 61 comprises a rotor 
61a comprised of a permanent magnet and a stator 
comprised of a three-phase conduction coil 61b 
surrounding this rotor 61a. The switching relay 63 

10 switches a generation mode for generating three-phase 
AC power in the stator 61b by rotating the rotor 61a 
of a windmill 67 rotated by wind, to a start assistance 
mode for starting rotation of the windmill 67 by allowing 
current to flow in the stator 61b from a driving circuit 

15 64 and rotating the rotor 61a and vice versa. 

Specifically, the generation mode and the start 
assistance mode correspond to a state in which the 
connecting switch of the switch relay 63 shown in Fig. 
7 is open and a state in which the connecting switch 

20 is closed, respectively. In this start assistance mode, 
the three-phase AC generator 61 performs an intermittent 
rotating operation for start assistance, according to 
an instruction from the driving circuit 64. 

In the case of the generation mode, that is, if 

25 the three-phase AC generator 61 is operated as a 
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generator, when the windmill 67 receives wind of a 
velocity exceeding a predetermined velocity, the rotor 
61a rotates. Then, the three-phase full-wave 
rectification circuit 62 converts three-phase AC 
5 voltage generated in the conduction coil 61b into DC 
voltage via the three-phase full-wave rectification 
circuit 62, based on the rotation of the rotor 61a and 
supplies the load circuit 70 after it with DC voltage. 

The switch relay 63 switches three connecting 

10 switches from a voltage output side (at the time of 
generation) to a voltage input side (at the time of 
start -assistance) or vice versa, according to an 
instruction from the driving circuit 64. 

The driving circuit 64 is started by a 

15 time-counting timing signal from a timer device 65 to 
determine the rotating direction of the rotor 61a as 
an armature, based on voltage output by the conduction 
coil 61b in the case where the rotor 61a rotates by 
inertia, to correct it to the correct rotating direction 

20 and to make the generator start rotation for start 
assistance. Simultaneously, the driving circuit 64 
suspends the driving operation by another time-counting 
timing signal from the timer device 65. In this case, 
although the driving operation stops, the windmill 67 

25 can rotate for a specific time by inertia obtained from 
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the driving operation. 

The timer device 65 comprises a time counting 
function as a first time counting means for counting 
a predetermined time for which the generator should be 
5 driven and rotated, using the point when the generation 
mode is switched to the start assistance mode as the 
reference, according to a notice from the rotation 
number measuring device 66, and a time counting function 
as a second time counting means for counting the time 

10 when the generator suspends the driving operation 
immediately after the time counting function as the 
first time counting means is terminated. 

The predetermined time counted by the time 
counting function as the first time-counting means and 

15 the predetermined rotating/driving operation 
suspension time counted by the time counting function 
as the second time-counting means are, for example, 6 
and 54 seconds, respectively. Either pieceof the time 
counting time data is also set for the timer device by 

20 hardware or by software beforehand. During the 
rotating/driving operation suspension, the entire 
driving mode is always switched to generation mode (a 
state in which the connecting switches are switched to 
a contact terminalat the time of generation). 

25 When the three-phase AC generator 61 generates 



in the generation mode, the rotation number measuring 
device 66 monitors the number of rotations N of the rotor 
61a by referring to voltage V m rectified by the 
three-phase full-wave rectification circuit 62. When 
5 the number of rotations N drops below a predetermined 
number of rotations N a , the rotation number measuring 
device 66 notifies the timer device 6 5 that the driving 
mode is switched from the generation mode to the start 
assistance mode. 

10 The rotation number measuring device 66 monitors 

the number of rotations N of the rotor 61a of the 
three-phase AC generator 61 as a generator in the start 
assistance mode. When the number of rotations N exceeds 
the predetermined number of rotations N b , the rotation 

15 number measuring device 66 notifies the timer device 
65 that the driving mode is switched from the start 
assistance mode to the generation mode. 

The predetermined number of rotations N a is, for 
example, lOOrpm, and the voltage V m (=V ma ) from the 

20 three-phase full-wave rectification circuit 62, 
corresponding to the number of rotations of N a =100rpm, 
is for example, 2V. This voltage V ma =2V is set as a 
threshold value for rotation number detection by the 
rotation number measuring device 66 in advance by 

25 hardware or by software. 
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The predetermined number of rotations N b is, for 
example, 200rpm. This number of rotations indicates that 
the windmill 37 rotating in the start assistance mode 
receives wind sufficient to generate and is rotated in 
5 excess of the rated rotating force of a generator. 

The battery charging controller 71 of the load 
circuit 70 provided after the three-phase full-wave 
rectification circuit 62 monitors the charging state 
of the battery 72, and determines whether to supply the 

10 battery with DC voltage supplied by the three-phase 
full-wave rectification circuit 62. 

The DC/DC converter 73 of the load circuit 20 
extracts the voltage of the battery 72 and supplies the 
driving circuit 64, timer device 65 and rotation number 

15 measuring device 66 with voltage converted into optimal 
voltage. Power needed to drive the three-phase AC 
generator 61 as a generator is obtained by supplying 
the driving circuit 64 with voltage in the start 
assistant mode. 

20 Fig. 8 is a flowchart showing the operation of the 

start assisting function of a fixed angle wing lift type 
horizontal shaft wind power generating device with the 
above-mentioned start assisting function. This process 
is performed by logic circuits built into the driving 

25 circuit 64, timer device 65, rotation number measuring 
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device 66 and battery charging controller 71 shown in 
Fig, 7, or a central processing unit (CPU), which is 
not shown in Fig. 7 and a processing program stored in 
memory built into this CPU. 
5 In Fig. 8, firstly, the rotation number measuring 

device 66 determines whether the number of rotations 
of a windmill, that is, the number of rotations N of 
the rotor 61a is less than a predetermined number of 
rotations N a (step SI). 

10 If the number of rotations N of the rotor 61a is 

a predetermined number of rotations N a or more (N in SI) , 
the rotation number measuring device 66 continues to 
monitor the number of rotations N of the rotor 61a. If 
the three-phase AC generator 61 is generating power in 

15 a generation mode, the generation is continued. If the 
rotor 61a as a generator is in an intermittent-rotation 
driving -operation suspension state in a start 
assistance mode and if it is rotating by inertia 
immediately after being switched to a generation mode, 

20 the rotation is continued. 

If in step SI it is determined that the number of 
rotations N of the rotor 61a is less than a predetermined 
number of rotations N a (Y in SI), the driving mode is 
switched to a start assistance mode (step S2). 

25 Specifically, the timer device 65 is started by a notice 



from the rotation number measuring device 66, and the 
driving circuit 64 operation is started by a timing 
signal from the timer device 65. 

Then, the driving circuit 64 applies three-phased 
AC voltage for one cycle to the conduction coil 61b of 
the three -phased AC generator switched to a generator 
in the above-mentioned start assisting mode, and 
immediately stops applying voltage in the future. Then, 
the rotating direction of the inertia rotation by the 
drive for one cycle of the rotor 61a is referenced, and 
it is determined whether it is a forward rotation, which 
is a rotation in the direction of generation, or a 
rotation the reversal of it (step S3). 

If it is rotation in[adg4] the forward direction 
(Y in S3) f voltage is again applied to the conduction 
coil 61b of the three-phase AC generator as a generator 
and its application is continued. Then, time counting 
as a first time counting means by the timer device 65 
(hereinafter called an "operation timer" ) , for example, 
a time count of six seconds is started, and it is 
determined whether its count period is over (step S5). 

If the rotating direction detected in step S3 is 
a reverse rotating direction, the process proceeds to 
step 5 after the conduction timingto the conduction coil 
61b is modified and rotation inversion (inversion to 



32 



a rotation in the forward direction) is started (step 

54) . 

If in step S5 it is determined that the time 
counting period of the operation timer is not over yet 
5 (N in S5), it is determined whether the number of 
rotations N of the rotor 61a is less than the 
predetermined number of rotations N b (step S6). 

If the number of rotations N of the rotor 61a is 
less than the predetermined number of rotations N b (N 
10 in S6), the process returns to step S5, and the 
determination as to whether the time counting period 
of the operation timer is over is repeated. Thus, if 
the operation timer is counting and if the number of 
rotations N of the rotor 61a is less than the 
15 predetermined number of rotations N b , the rotation of 
a generator in steps S3 and S4 is continued, and the 
start assistance rotation of the rotor 61a # that is, 
the windmill is accelerated. 

Then, if in step S5 it is determined that the time 
20 counting period of the operation timer is over ( Y in 

55) , time counting as a second time counting means by 
the timer device 65 (hereinafter called a "waiting 
timer") is started, and it is determined whether the 
time counting is over (step S7). Then, a waiting state 

25 is set until the time counting is over (N in S7). 
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Thus, if the number of rotations N of the rotor 
61a is less than the predetermined number of rotations 
N b and if the time counting period of the operation timer 
is over, a predetermined period set in the waiting timer 
5 in advance, for example, a waiting period of 54 seconds, 
is set, and useless start assisting rotation at the time 
of no wind can be avoided during the predetermined period 
( 54 seconds ) . 

Thus, if the time counting period of the operation 
10 timer is six seconds although the time counting period 
of the waiting timer is 54 seconds, the entire driving 
period is reduced to 1/10, and 9/10 can be saved compared 
with a case where the start assisting rotation is 
continued until the generating device enters into a 
15 generation state . 

When the above-mentioned waiting period is over 
(Y in S7), the process returns to step SI again, and 
the above-mentioned processes in steps SI through S7 
are repeated. 

20 Thus, six-second start assisting rotation is 

performed every minute until in step S6 it is determined 
that the number of rotations N of the rotor 61a exceeds 
the predetermined number of rotations N b . 

If in step S6 it is determined that the number of 

25 rotations N of the rotor 61a exceeds the predetermined 



number of rotations N b (Y in S6), the start assisting 
rotation driving operation by the driving circuit 64 
is suspended by a notice issued by the rotation number 
measuring device 66 via the timer device 65. The driving 
5 mode is switched to a generation mode. 

With this switch, control is taken over by the 
battery charging controller 71 , and the battery charging 
controller 71 determines whether to charge using 
[adgs] generated power (step S8). 

10 In this process, it is determined that charging 

is not required, since the battery 72 is sufficiently 
charged, or power sufficient to charge cannot be 
obtained from the three-phase AC generator because the 
wind velocity drops after repeated charging. In other 

15 words it is determined whether charge is possible. 

If it is determined that charging is possible (Y 
in S8), the battery 72 is charged (step S9), and the 
processes in steps S8 and S9 are repeated. Thus, the 
battery 72 continues to be charged by the three-phase 

20 AC generator 61. 

If in step S8 it is determined that charging is 
not possible (N in S8), the process proceeds to the 
above-mentioned process in step S7. Thus, if power 
sufficient to charge cannot be obtained from the 

25 three-phase AC generator because the wind velocity drops , 
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the process proceeds to the start assistance mode in 
steps SI through S7 . If the wind velocity is sufficient 
to generate and the battery 72 is sufficiently charged, 
the battery charging controller 71 automatically 
5 controls the windmill 72 in such a way as to not generate 
power . 

As described above, according to the present 
invention, since a start assisting rotation is performed 
by the start assisting function at short-circuit 

10 intervals of, for example, once every minute, rotation 
can be triggered at the time of weak winds as long as 
generating rotation is possible, and accordingly, the 
degradation of generation efficiency can be prevented. 
Simultaneously, a great velocity change due to weak 

15 winds can also be coped with, and generation efficiency 
can be improved without losing generation 
opportunities . 

Fig. 9 shows the circuit block diagram of the 
horizontal shaft wind power generating device capable 

20 of saving self consumption power by making the timer 
device independent in the fourth preferred embodiment . 

Although in the example shown in Fig. 7, the DC/DC 
converter 73 always supplies the timer device 65 with 
power, in the example shown in Fig. 9, the battery 72 

25 always supplies the timer device 65 with power. The timer 
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device 65 performs the condition determination of the 
rotary number measuring device 6 6 and also supplies the 
driving circuit 64 with power by originating a power 
request signal to the DC/DC converter 73. Thus, except 
5 when starting the start assisting function, the DC/DC 
converter 73 can be suspended, and the entire 
consumption power can be saved. 

Although in the above description, the switching 
between a generation mode and a start assistance mode 

10 can be made by switching a connection switch using a 
switching relay 13, the switching is not limited to a 
relay, and a semiconductor device, such as a 
photo-coupler, a field-effect transistor (FET) or the 
like can constitute such a switch unit . 

15 There is no need to fix the time counting periods 

set as a driving time and a suspension time in the 
operation timer and waiting timer to six and 54 seconds, 
respectively. Furthermore, there is no need to fix the 
ratio between them to 1/10. For example, they can also 

20 be properly set depending on the time zone of a day, 
the season, the area or the like. 

Although the operational setting of the start 
assisting function shown in Fig. 8 is not especially 
described, power for the start assisting function is 

2 5 wasted when a no wind state continues for a long time. 
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if the start assisting function is set in such a way 
as to always operate instead of once every minute as 
described above. 

Thus, a manual switch or a remote -control switch 
5 can also be provided, and the operation setting of the 
start assisting function can also be switched between 
"set" and "release" by the switch. 

Furthermore, a circuit capable of detecting that 
battery voltage which is supplied with power drops below 

10 a specific value and automatically suspending the supply 
of power to the DC/DC converter 73 can also be added. 

Alternatively, a wind velocity sensing device, 
such as a wind velocity sensor or the like, or a wind 
velocity measuring device composed of a vertical shaft 

15 bow- shaped blade type wind mill and the like can also 
be provided to measure wind velocity, and the operation 
switch of the start assisting function can also be 
switched on when the wind velocity becomes larger than 
a predetermined one. In this case, it is preferable for 

20 the wind velocity measuring device to be small and to 
sense a breeze to operate. 

Fig. 10 shows an example of a circuit for 
monitoring the starting timing of the start assisting 
function by such a wind velocity sensor. As shown in 

25 Fig. 10, a wind velocity detection device 80 is 
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separately disposed in the vicinity of the fixed angle 
wing lift type horizontal shaft wind power generating 
device 90. 

The wind velocity detection device 80 comprises 
5 a wind velocity sensor 81 and a wind velocity determining 
unit 82. A wind velocity value suitable to start 
operating the start assisting function is set in the 
wind velocity determining unit 82 in advance by hardware 
or software. The wind velocity determining unit 82 

10 compares a wind velocity value measured and input by 
the wind velocity sensor 81 with the above-mentioned 
predetermined wind velocity, and notifies the timer 
device 65 of the operational timing of the start 
assisting function . 

15 Thus, the time counting by the waiting timer in 

step S7 shown in Fig. 8 is started, and the processes 
in steps S8 and S9, that is, the start assisting function 
starts to operate. Thus, power waste by the useless 
operation of the start assisting function can be 

20 automatically avoided at the time of no wind. 

As described above, according to the fixed angle 
wing lift type horizontal shaft wind power generating 
device, since the start assisting rotation is performed 
by the start assisting function even at the time of weak 

25 winds by which an ordinary lift type horizontal shaft 
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wind power generator cannot be rotated, a 
regularrotation can be started by the inertia of this 
start assisting rotation even at the time of weak winds 
by which an ordinary lift type horizontal shaft wind 
5 power generator cannot be rotated. 

Furthermore, since a generator is used as both a 
regulargenerator and a start assisting generator, the 
generator can be miniaturized although it is provided 
with a start assisting function. Accordingly, an 

10 inexpensive fixed angle wing lift type horizontal shaft 
wind power generating device can be realized. 

Furthermore, since a long intermittent rotation 
is performed during a driving operation suspension 
period as a start assisting rotation, power used for 

15 the start assisting rotation can be reduced as much as 
possible. Thus, a fixed angle wing lift type horizontal 
shaft wind power generating device with a start 
assisting function whose self consumption power is 
reduced although it is provided with a start assisting 

20 function can be realized. 

Furthermore, since the start assisting function 
is operated only when sufficiently strong winds occur 
while monitoring wind velocity, a fixed angle wing lift 
type horizontal shaft wind power generating device with 

25 a start assisting function whose self consumption power 
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for the start assisting rotation is further reduced can 
be realized. 

The third and fourth preferred embodiments can 
achieve the fourth object of the present invention. 
5 Although in the first through fourth preferred 

embodiments, each preferred embodiment is separately 
described, a wind power generating device with each of 
their features can also be realized by combining them. 
In this case, since the wind power generating device 

10 is provided with each of their preferred embodiments, 
a better wind power generating device can be realized. 
This applies to items described bellow. 

In wind power generating, usually uncontrollable 
and dangerous high-speed rotation is prevented by 

15 suspending, a windmill or reducing its rotation speed 
at the time of winds of a velocity higher than an 
operational limit. As such a method, pitch control of 
a blade and mechanical control , such as a disk brake , 
a furling or the like are used. However, the lift type 

20 fixed pitch horizontal shaft windmill can be 
electro-magnetically controlled by short-circuiting 
the output of a generator. For a method for determining 
automatic suspension In Order To Avoid Such A Danger, 
there is a method for measuring one or more of wind 

25 velocity, the number of rotations, generating power and 



41 



the like (see Fig. 11). 

In Fig. 11, each of a generating power determining 
unit for determining generating power using a charge 
control circuit, a rotation number determining unit and 
5 a wind velocity determining unit performs its 
measurement and switches its circuit in order to charge 
or not , based on the result . 

In a lift type fixed pitch horizontal shaft 
windmill, if the windmill is electro -magnetically 

10 controlled by short-circuiting the output of a generator, 
no blade completely stops and continues to rotate slowly 
against the wind. In other words, power generated by 
rotation is consumed by a short-circuit circuit. In a 
low- speed rotation state at the time of suspension, 

15 almost no rotation torque by lift can be obtained, and 
rotation torque by drag dominates. In other words, its 
principle is the same as that of a propeller type 
anemometer, and its number of rotations is almost 
proportional to the wind velocity. Simultaneously, the 

20 short-circuit current is also proportional to the wind 
velocity. 

A suspension state is maintained by a timer for 
a predetermined time after the start of automatic 
suspension. However, in a system without a wind velocity 
25 measuring function, whether wind velocity is within an 
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operable range can be determined at the time of 
restoration by measuring this short-circuit current 
(see Fig. 12; this is a short-circuit current 
determining circuit at the time of suspension, which 
5 can measure the short-circuit current generated by 
shorting it using a short-circuit switch) . In this case, 
a short-circuit current value at the upper limit wind 
velocity where the windmill can be safely operated is 
specified as a threshold value. If the short-circuit 

10 current value is less than the threshold value, the 
windmill is restored. If it is equal to or more than 
the threshold value, the suspension state is further 
maintained for the predetermined time (see Fig. 13). 

If the stored power capacity of the battery is 

15 normal and the charge control circuit is supplied with 
power, the windmill can be suspended before its rotation 
speed becomes high. In this preferred embodiment, when 
suspension cannot be controlled due to the insufficient 
capacity or disconnection of the battery, failure of 

20 the control circuit or the like, the input of the wind 
power generator is auxiliaryshort- circuited. 

A factor for determining that it is necessary to 
suspend is the decrease of battery voltage and the 
increase of generator output voltage. 

25 A circuit shown in Fig. 14 comprises an N-channel 
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FET for short-circuiting a wind power generator, a 
Schmidt trigger inverter and a 6V battery. When the 
voltage of the battery drops below a predetermined value 
or when the wind power generator is opened and its input 
5 voltage exceeds a predetermined value, a DC potential 
is applied to an FET gate and this circuit is 
short-circuited. If this circuit returns to a normal 
system state, the short-circuited state automatically 
returns to an open state. Since the Schmidt trigger 

10 inverter is comprised of CMOS or the gate circuit of 
the FET is insulated, almost no power of the small 
battery is consumed, and the circuit can operate for 
a long time without changing the battery. 

A power conversion method for instructing that the 

15 input voltage should be a maximum power point against 
the fluctuations of wind velocity is publicly known. 
In the prior art, although a method for finely changing 
input voltage and modifying the input voltage until 
generating power becomes a maximum is adopted, current 

20 instantaneous power is simply calculated and fed back. 

However, in the preferred embodiment, by storing 
previous fluctuations as the fluctuation history of the 
maximum power point, the increase/decrease of wind 
velocity is predicted, an input voltage specifying value 

25 is determined and the device is controlled. Therefore, 



both the speed of a response to wind velocity 
fluctuations and efficiency can be improved. 

If wind velocity for the previous several seconds 
tends to increase , the maximum power point also tends 
5 to increase . The amount of power for the future several 
seconds is predicted based on the inclination of the 
increased amount of power, and the input voltage 
specifying value is determined. If the wind velocity 
is increasing, the input voltage specifying value is 

10 determined at a level higher than the voltage at the 
maximum power point. Thus, the load of the windmill is 
temporarily reduced, and the increasing speed of the 
number of rotations becomes fast. Thus, wind velocity 
increase can be quickly followed. When wind velocity 

15 is decreasing, an operation the reversal of it is 
performed. 

Fig. 15 explains rated power control. 
If the wind velocity increases and generating 
power exceeds a rated power value while operating the 

20 generating device at the preset upper limit number of 
rotations , the generating device can be controlled in 
such a way that the generating power may not exceed the 
rated power by instructing the reduction of the upper 
limit number of rotations instead of suspending, 

25 specifically controlling the input specifying voltage 
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against a difference in excess of (90 percent of) the 
rated power instead of a difference between the number 
of rotations and the preset number of rotations. 

In reality, as shown in Fig. 15, power is 
controlled at a level lower by approximately 10 percent 
than the rated power instead of after it exceeds the 
rated power. 



